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Several hundred plant and herb species that have potential as novel antiviral agents have been studied, with surprisingly little overlap. A wide variety of active compounds, such as, flavonoids, terpenoids, lignans, polyphenolics, coumarins and others, have been identified [1] .
Heliotropium species, family Heliotropiaceae, grow in arid areas with extreme environmental conditions and produce resinous exudates from glandular trichomes that cover the leaves and stems. In search of an explanation of the role of this resin, it has been proposed that it can constitute the first stage of protection against predators. This protection can be due both to a mechanical effect, associated with the sticky character of the resin, which traps the predators, and to a chemical protection due to the presence of secondary metabolites that exhibit antimicrobial and antioxidant activities [2] [3] [4] [5] [6] .
Hantavirus, a member of the family Bunyaviridae, causes one of the most serious diseases in America called Hantavirus Pulmonary Syndrome (HPS). HPS has been reported in Argentina, Brazil, Canada, Chile, Panama, Paraguay, Uruguay and the United States. In Chile, the majority of cases are due to Hantavirus variety Andes, which is carried by Oligoryzomys longicaudatus, with a 32% mortality rate [7] . Therefore, this is an important sanitary problem in Chile and has stimulated efforts to control this disease. An effective treatment for Hantavirus is not yet available. However the antiviral drug ribavirin has been found to be of some benefit [8] .
With the purpose of looking for HPS inhibitors, in this article, we report the results obtained of the evaluation of the resins isolated from Heliotropium species and a group of compounds obtained from them. Previous studies carried out in our laboratory showed that some of these compounds have antiviral activity on Polio Sabin virus, Herpes simplex virus types 1 and 2, Junin virus and respiratory syncytial virus [2] . [3, [9] [10] [12] [13] [14] .
We demonstrated that these flavonoids and resins have antioxidant activity [3, 4] and it is accepted that viral infections are accompanied by profound changes in cell-tissues metabolism, which lead to intensive generation of reactive oxygen species [15] .There are reports on the comparative evaluation of the antioxidant and antiviral activities of plant derived substances [16] [17] [18] .
In this study we report the results of a screening for antiviral effects on Hantavirus and in vitro cytotoxicity by geranyl aromatic derivatives, flavonoids and some resins of Heliotropium species. This study follows on from previous work in which we showed that a new synthetic geranyl aromatic compound had an antiviral effect on Hantavirus [6] .
Also, filifolinol, filifolinyl senecionte and filifolinone have exhibited antiviral activities against a number of viruses [2] .
The antiviral activity was determined as the concentration required to inhibit Hantavirus plaque formation by 50% (EC 50 ) and was calculated by using a graphical method. For antiviral evaluation, concentrations higher than 20.0 μg/mL were considered inactive. The results are shown in Table 1 .
Our results showed that all resins tested were active, particularly that of H. huascoense, with an EC 50 value of 12.5 μg/mL. This value is lower than that of ribavirin, although the experimental error has to be taken into consideration. In relation to the pure compounds, the flavonoid 3,7-O-dimethylgalangin and two aromatic geranyl derivatives, filifolinol and filifolinone, were active; filifolinone had an EC 50 of 11.3 μg/mL, while filifolinol and 3,7-O-dimethylgalangin had similar EC 50 values to ribavirin. We determined the concentration necessary to observe the first cytotoxic effect (CC) on Vero E6 cells by changes in morphology using a microscope. The results are shown in Table 1 . None of the compounds nor the resins that showed antiviral activity was cytotoxic at the concentration necessary for the activity; however, their CC was near the EC 50 .
Flavonoids are the major constituents of the resins [10] [11] [12] , but it is not possible to consider the antiviral activity of the resins being due to the antioxidant effects of these flavonoids, because only 3,7-O-dimethylgalangin showed antiviral activity and the other flavonoids tested were inactive. With respect to the aromatic geranyl derivatives, only filifolinone showed an EC 50 value considerably different to its CC value, thereby identifying this compound as the one with most promise for its antiviral effect. However, it is interesting to highlight that those natural compounds that showed antiviral activity are constituents of the resins with this property. For example, H. huascoense exudate contains 3,7-O-dimethylgalangin that represents 36% of the total components isolated from this resin [14] . On the other hand, H. filifolium exudate has filifolinol, which represents approximately 50% of the total resin [9] . Finally, H. sinuatum resin was considered to be inactive, which correlates with the lack of activity shown by all of its studied components.
Each substance tested had a different magnitude of toxicity on Vero cells. However, we have concluded that as the CC and EC 50 values are similar, the antiviral activity of the resins and the pure compounds on Hantavirus replication is not specific. Ribavirin possesses a selective antiviral effect and, therefore, comparisons between this and the substances tested should only be made with regard to viral proliferation.
We presumed that the effect observed may possibly be attributed to a combination of more than one biological and/or chemical interaction, since these resins and compounds possess multiple biological and chemical activities, such as antimicrobial and antioxidant [2] [3] [4] [5] [6] 14] .
Although none of the compounds inhibited Hantavirus replication completely, this is the first experimental evidence for secondary plant metabolites having an effect on Hantavirus. This work is only a first screening, but the results have led us to initiate a study of the mechanism of action of this activity with filifolinone and H. huascoense resin, the two products that showed the best antiviral effect and the least toxicity. Also, we are continuing our studies on antiviral agents active against Hantavirus, obtaining new substances from Heliotropium species and synthesizing filifolinone derivatives with high activity, but low toxicity so that we can establish a structure-activity relationship.
Experimental
Plant material: Heliotropium sinuatum Miers (ST2563), H. huascoense Johnston (ST2580) and H. filifolium Reiche (ST2214) were collected in the flowering season, October 1996, in the north of Vallenar (IV region, Chile, 28º45´S,70º49´W). Voucher specimens were deposited in the Herbarium of the National History Museum, Santiago, Chile.
Isolation of the resinous exudates and the pure compounds tested:
The resinous exudates were extracted by immersion of the fresh plant material in dichloromethane (30 s) at room temperature. The extracts were concentrated to a sticky residue and fractioned by column chromatography on silica gel with different solvents. The pure compounds obtained were identified by spectroscopic analysis. Filifolinol, filifolinyl senecionate, 3-O-methylgalangin and ayanin were isolated from resin of H. filifolium. Alpinone and carrizaloic acid were obtained from H. huascoense and pinocembrin, naringenin and 3,7-O-dimethylgalangine from H. sinuatum [9] [10] [11] [12] [13] . The semi synthetic compounds, filifolinoic acid and filifolinone were synthesized from filifolinol by basic hydrolysis and oxidation, respectively [2, 6] .
Antiviral test:
The effects of the resins and the compounds were tested at different concentrations (2.5 -40 μg/mL). The test compounds were dissolved in dimethyl sulfoxide (Merck), parent solution 10 mg/mL. To obtain the test concentrations, Eagle´s minimal essential medium (MEM) was used, supplemented with 2.5% fetal bovine serum and 1.2% methylcellulose.
The effect of the compounds was evaluated by a virus plaque inhibition assay [19] . The assays were realized in triplicate. Vero E6 cells were grown in MEM supplemented with 10% fetal bovine serum to confluence 80% in 48 well plates for 3 days at 37ºC. The Andes virus used was isolated from a patient who died of Hantavirus (ANDV CHI-7913) [19] . Monolayers of Vero E6 cells were infected with ANDV CHI-7913 dilution (200 µL), approximately 50 plaque forming units per well (4 hours at 37ºC). After incubation, viral inoculums were removed, the infected cells were washed with new medium and overlaid with 500 μL of MEM with 2.5% fetal bovine serum and 1.2% of methylcellulose, containing either increasing concentrations of the compounds or without compounds, as control, and ribavirin as an antiviral control. Ribavirin parent solution was prepared with 10 mg in 1 mL of MEM with 2.5% fetal bovine serum and 1.2% of methylcellulose. The plates were incubated for 7 days at 37°C in a 5% CO 2 atmosphere [6] . After incubation, monolayers were fixed in a mixture of methanol-acetone (1:1) in 0.2% H 2 O 2 and stained with immunoperoxidase, as described previously [6] . Three wells were utilized for each drug concentration and the mean value of plaque number was calculated. The EC 50 value was the concentration that reduced the plaque number by 50% and was calculated by plotting the percentage of plaque reduction with respect to the control plaque count versus the compound's concentration.
Cell toxicity assay:
The effect on cellular viability was measured for different concentrations of compounds. These were mixed in MEM supplemented with 10% BFS and added to monolayers of Vero E6 cells. After 5 days of incubation at 37°C, the cellular viability was measured. The cytotoxicity was monitored by microscopic examination of cell morphology for the presence of cytopathological effects, such as swelling and granularity. The minimal toxic concentration that produced any alteration of cell morphology was recorded (first cytotoxic effect, CC).
